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DESCRIPTION 

HEAT-RESISTANT LUBRICITY IMPARTING COATING AGENT, AND 
THERMAL TRANSFER RECORDING MEDIUM 

5 

TECHNICAL FIELD 

[0001] The present invention relates to a heat-resistant lubricity 
imparting coating agent that can form a heat-resistant lubricous 
protective layer on the front surface of a substrate. Also, the 
10 invention relates to a thermal transfer recording medium having a 
heat-resistant lubricous protective layer formed by applying the 
heat-resistant lubricity imparting coating agent on the front surface of 
a substrate film, and a heat sensitive ink layer on the back surface 
thereof. 

15 

BACKGROUND ART 

[0002] Many thermal transfer recording media have been proposed 
which include a heat-resistant lubricous protective layer on the front 
surface of a substrate film and a heat sensitive ink layer on the back 

20 surface thereof. In such thermal transfer recording media, the 
formation of the heat-resistant lubricous protective layer on the front 
surface of the substrate film in contact with a thermal head can 
prevent sticking. The term "sticking" described herein means a 
phenomenon in which the substrate film is partially melted by heat of 

25 the thermal head, and a melted material is fixed to the thermal head, 
or wrinkles occur in the substrate film, thereby causing defective 
feeding of the thermal transfer recording medium (see, for example, 
Patent documents 1, 2, 3, and 4). 
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[0003] Patent Document l: Jpn. examined patent publication No. 

5- 39796(1993) 

Patent Document 2- Jpn. examined patent publication No. 

6- 33006(1994) 

5 Patent Document 3- Jpn. unexamined patent publication No. 

2-274596(1990) 

Patent Document 4' Jpn. unexamined patent publication No. 
10-297123(1998) 

[0004] As disclosed in the patent document 1, a heat-resistant 

10 lubricous protective layer is formed by curing a coating agent which 
includes a polymer containing 1 to 100% by mole of an acrylic acid 
ester or a methacrylate ester of a higher alcohol having a carbon 
number of 12 or more. 

In the patent document 2, a heat-resistant lubricous protective 

15 layer is formed by curing the acrylic acid ester or methacrylate ester of 
the higher alcohol having a carbon number of 12 or more, and a 
copolymer containing a monomer made of the acrylic acid ester or 
methacrylate ester derivative with the thermosetting functional group, 
by heating or radical polymerization. 

20 [0005] The thermal transfer recording media as disclosed in the 
patent documents 1 and 2, however, make it difficult to provide enough 
lubricity, and cannot prevent sticking sufficiently. In contrast, in 
order to have better lubricity, if the rate of the acrylic acid ester 
component or methacrylate ester component of the higher alcohol 

25 having a carbon number of 12 or more is increased, the unreacted 
acrylic acid ester or methacrylate ester component of the higher 
alcohol having a carbon number of 12 or more may be included largely 
in the heat-resistant lubricous protective layer. This is likely to 
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induce sticking readily. Furthermore, since a glass transition point of 
the medium is decreased, there may occur blocking, that is, a 
phenomenon in which a component included in the heat-resistant 
lubricous protective layer is transferred and stuck to the front surface 
5 of an ink layer when the thermal transfer recording medium is wound 
up to bring the protective layer in contact with the ink layer. 

DISCLOSURE OF THE INVENTION 

[0006] On the other hand, in the patent document 3, a heat-resistant 

10 lubricous protective layer is formed by applying a sticking prevention 
agent containing a polydimethylsiloxane graft copolymer. In the 
patent document 4, the heat-resistant lubricous protective layer is 
formed by applying a sticking prevention agent containing a 
polydimethylsiloxane block copolymer. Thus, in the patent documents 

15 3 and 4, the use of the copolymer containing a silicone component 
improves the lubricity as compared to in the patent documents 1 and 2. 

However, in the thermal transfer recording media disclosed in 
the patent documents 3 and 4, since the inclusion of the silicone 
component leads to a decrease in strength of the heat-resistant 

20 lubricous protective layer, the protective layer may be cut away due to 
friction with a thermal head and heat softening, to cause chips, which 
may be stuck and fusion-bonded to the thermal head. This may result 
in defective printing, including addition of unnecessary lines in a print, 
and unclear printing. 

25 [0007] The invention has been accomplished in view of the 
above-mentioned problems, and it is an object of the invention to 
provide a heat-resistant lubricity imparting coating agent that can 
form a heat-resistant lubricous protective layer with good heat 
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resistance and lubricity which will hardly cause the chips due to 
contact with the thermal head, and which will hardly allow the chips to 
stick to and be fusion-bonded to the head, and a thermal transfer 
recording medium having the heat-resistant lubricous protective layer. 
5 [0008] To solve the above problems, the present invention provides a 
heat-resistant lubricity imparting coating agent containing a 
polydimethylsiloxane copolymer, said polydimethylsiloxane copolymer 
including a long chain alkyl group having a carbon number of 12 or 
more. 

10 [0009] In one aspect of the invention, a heat-resistant lubricity 
imparting coating agent contains a polydimethylsiloxane copolymer 
which includes a long chain alkyl group having a carbon number of 12 
or more. Accordingly, the use of such a heat-resistant lubricity 
imparting coating agent enables the formation of a heat-resistant 

15 lubricous protective layer with good heat resistance and lubricity 
which will hardly cause chips due to contact with the thermal head, 
and which will hardly allow the chips to stick to and be fusion-bonded 
to the head (hereinafter referred to as the occurrence of head 
chippings). That is, in the one aspect of the invention, the 

20 heat-resistant lubricity imparting coating agent can be used to provide 
the thermal transfer recording medium with good heat resistance and 
lubricity which will hardly cause the head chippings. 
[0010] The copolymer contained in the heat-resistant lubricity 
imparting agent of the invention may be either a graft copolymer or a 

25 block copolymer, or a combination of two or more different types of 
copolymers. 

The heat-resistant lubricity imparting coating agent of the 
invention may contain a binder resin, a solvent, and the like as well as 
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the above-mentioned polydimethylsiloxane copolymer. 
[0011] Further, preferably, in the heat-resistant lubricity imparting 
coating agent, the weight ratio of said long chain alkyl group having a 
carbon number of 12 or more to the polydimethylsiloxane copolymer is 
5 not less than 10% by weight nor more than 42% by weight. 

[0012] The heat-resistant lubricity imparting coating agent of the 
invention includes the polydimethylsiloxane copolymer which contains 
the long chain alkyl group having a carbon number of 12 or more in an 
amount of not less than 10% by weight nor more than 42% by weight. 

10 Accordingly, such a heat-resistant lubricity imparting coating agent 
enables the appropriate formation of the heat-resistant lubricous 
protective layer with good heat resistance and lubricity which will 
hardly cause the chips due to contact with the thermal head, and which 
will hardly allow the chips to stick to and be fusion-bonded to the head. 

15 [0013] Alternatively, in the heat-resistant lubricity imparting coating 
agent, preferably, when manufacturing the polydimethylsiloxane 
copolymer, the weight ratio of a vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more to the entire 
monomers used in a copolymerization reaction is not less than 15% by 

20 weight nor more than 55% by weight. 

[0014] The heat-resistant lubricity imparting coating agent of the 
invention includes the polydimethylsiloxane copolymer which is 
manufactured such that the weight ratio of a vinyl monomer 
containing the long chain alkyl group having a carbon number of 12 or 

25 more to the entire monomers used in a copolymerization reaction is not 
less than 15% by weight nor more than 55% by weight. Accordingly, 
the heat-resistant lubricity imparting coating agent containing such a 
polydimethylsiloxane copolymer enables the appropriate formation of 
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the heat-resistant lubricous protective layer with good heat resistance 
and lubricity which will hardly cause the head chippings. More 
specifically, if the weight ratio of the vinyl monomer containing the 
long chain alkyl group having a carbon number of 12 or more is 15% by 
weight or more, the occurrence of the head chippings can be reduced 
effectively. In contrast, if the ratio of the long-chain alkyl group 
containing the vinyl monomer is 55% by weight or less, the amount of 
unreacted monomers can be decreased to effectively reduce the 
occurrence of blocking. 

It should be noted that the vinyl monomers containing the long 
chain alkyl group having a carbon number of 12 or more may include, 
for example, lauryl methacrylate (having a carbon number of 12), 
stearyl methacrylate (having the carbon number of 18), and behenyl 
methacrylate (having the carbon number of 22). Not only one but also 
two or more of these may be contained. 

[0015] Alternatively, the polydimethylsiloxane copolymer serving as 
the above heat-resistant lubricity imparting coating agent preferably 
contains the long chain alkyl group having the carbon number of not 
less than 16 nor more than 20. 

[0016] This heat-resistant lubricity imparting coating agent can form 
the heat-resistant lubricous protective layer with good heat resistance 
and lubricity which will hardly cause sticking, offset, and blocking, as 
well as head chippings. In particular, since the polydimethylsiloxane 
copolymer contains the long chain alkyl group having the carbon 
number of 18, the occurrence of sticking, offset, blocking, and head 
chippings can be reduced most effectively. The term "offset" described 
herein means a phenomenon in which an unreacted component 
included in the heat-resistant lubricous protective layer is transferred 
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and stuck to the front surface of the substrate film on which the ink 
layer is to be formed later when the thermal transfer recording 
medium is wound up after forming the heat-resistant lubricous 
protective layer in manufacturing the thermal transfer recording 
5 medium. 

[0017] More preferably, in the above-mentioned heat-resistant 
lubricity imparting coating agent, the weight ratio of the long chain 
alkyl group having the carbon number of not less than 16 nor more 
than 20 to the polydimethylsiloxane copolymer is not less than 10% by 

10 weight nor more than 42% by weight. 

[0018] This heat-resistant lubricity imparting coating agent enables 
the appropriate formation of the heat-resistant lubricous protective 
layer with good heat resistance and lubricity which will hardly cause 
sticking, offset, and blocking, as well as head chippings. Particularly, 

15 the long chain alkyl group having the carbon number of 18 is contained 
in the amount of not less than 10% by weight nor more than 42% by 
weight in the polydimethylsiloxane copolymer, which can reduce the 
occurrence of sticking, offset, blocking, and head chippings most 
effectively. 

20 [0019] Alternatively, in the above-mentioned heat-resistant lubricity 
imparting coating agent, when manufacturing the 
polydimethylsiloxane copolymer, the weight ratio of the vinyl monomer 
containing the long chain alkyl group having the carbon number of not 
less than 16 nor more than 20 to the entire monomers used in the 

25 copolymerization reaction is preferably not less than 15% by weight 
nor more than 55% by weight. 

[0020] The heat-resistant lubricity imparting coating agent 
containing such a polydimethylsiloxane copolymer enables the, 
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appropriate formation of the heat-resistant lubricous protective layer 
with good heat resistance and lubricity which will hardly cause 
sticking, offset, and blocking, as well as head chippings. More 
specifically, when the vinyl monomer with the long chain alkyl group 
having the carbon number of not less than 16 nor more than 20 is 
contained in an amount of 15% by weight or more, the occurrence of 
head chippings can be reduced effectively. In contrast, when the 
long-chain alkyl group containing the vinyl monomer is contained in an 
amount of 55% by weight or less, the amount of unreacted monomers 
can be decreased to effectively reduce the occurrence of blocking. 

Particularly, if the weight ratio of the vinyl monomer with the 
long chain alkyl group having the carbon number of 18 to the 
monomers used in the copolymerization reaction is not less than 15% 
by weight nor more than 55% by weight, the occurrence of sticking, 
offset, blocking, and head chippings can be reduced most effectively. 
[0021] The heat-resistant lubricity imparting coating agent as 
described above preferably contains a binder made of a resin. 
[0022] The heat-resistant lubricity imparting coating agent of the 
invention includes the binder made of a resin. The use of such a 
heat-resistant lubricity imparting coating agent can improve the 
strength of the heat-resistant lubricous protective layer, thereby 
further decreasing more the possibility of occurrence of chips due to 
contact with the thermal head, or of adhesion and fusion-bonding of 
the chips to the head. 

[0023] In any one of the heat-resistant lubricity imparting agents 
described above, the polydimethylsiloxane copolymer is preferably a 
polydimethylsiloxane graft copolymer which is obtained by 
copolymerization of at least the vinyl monomer containing the long 
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chain alkyl group having a carbon number of 12 or more with the 
polydimethylsiloxane compound containing a polymerizable vinyl 
group at one end thereof. 

The polydimethylsiloxane compound containing the 
polymerizable vinyl group at one end thereof is represented by the 
following structural formula. 
[Chemical Structural Formula l] 



CH 3 CH 3 
i i 

CH 2 = CCOC 3 H 6 Si-0 
ii i 

O CH 3 



CH 3 

SiO f SiCH 3 
CH 3 



where n is an integer number of 0 to 64. 

10 [0024] In cases where the reactivity between the monomers is bad in 
manufacturing the polydimethylsiloxane copolymer, the heat-resistant 
lubricity imparting coating agent may contain much the unreacted 
components (polyimethylsiloxane, vinyl monomers, or the like). Thus, 
if such a heat-resistant lubricity imparting coating agent is used to 

15 form the heat-resistant lubricous protective layer, many unreacted 
components may be contained in the heat-resistant lubricous 
protective layer. This may cause the unreacted components included 
in the heat-resistant lubricous protective layer to be transferred to and 
stuck to the front surface of the substrate film (hereinafter referred to 

20 as "offset"), on which the ink layer is to be formed later, when the 
thermal transfer recording medium is wound up after forming the 
protective layer in manufacturing the medium. Thus, when the heat 
sensitive ink is later applied onto the front surface of the substrate 
film, parts with the nonreacted components stuck thereto may reject 
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the ink. 

When the thermal transfer recording medium is wound up to 
bring the heat-resistant lubricous protective layer in contact with the 
ink layer, the unreacted components included in the protective layer 
may be transferred to and stuck to the surface of the ink layer (that is, 
blocking may occur), resulting in defective transfer printing. 
[0025] In contrast, the polydimethylsiloxane copolymer contained in 
the heat-resistant lubricity imparting coating agent of the invention is 
a graft copolymer obtained by copolymerization of at least the vinyl 
monomer containing the long chain alkyl group having a carbon 
number of 12 or more with the polydimethylsiloxane compound 
containing the polymerizable vinyl group at one end thereof. When 
Manufacturing the polydimethylsiloxane graft copolymer, the use of 
the above-mentioned measures improves the reactivity between the 
monomers to decrease the amount of unreacted components 
(polydimethylsiloxane compounds, vinyl monomers, and the like). 
Accordingly, the heat-resistant lubricity imparting coating agent of the 
invention can be used to reduce the content of the unreacted 
components in the heat-resistant lubricous protective layer, which can 
reduce the occurrence of offset and blocking. 

[0026] It should be noted that the vinyl monomers with the long chain 
alkyl group having a carbon number of 12 or more to be used may 
include, for example, lauryl methacrylate (having a carbon number of 
12), stearyl methacrylate (having the carbon number of 18), and 
behenyl methacrylate (having the carbon number of 22). Not only one 
but also two or more kinds of these may be copolymerized with one 
another. 

When manufacturing the polydimethylsiloxane graft copolymer, 
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in addition to the polydimethylsiloxane compound containing the 
polymerizable vinyl group at one end thereof, and the vinyl monomer 
containing the long chain alkyl group having a carbon number of 12 or 
more, the following vinyl monomer may be used for the 
copolymerization. 

[0027] The copolymerizable vinyl monomers may include, for example, 
aliphatic or cyclic acrylate and/or methacrylate, such as methyl 
acrylate, ethyl acrylate, n-propyl acrylate, iso-propyl acrylate, n-butyl 
acrylate, iso-butyl acrylate, t-butyl acrylate, 2-ethyl hexyl acrylate, 
cyclohexyl acrylate, tetrahydrofurfuryl acrylate, stearyl acrylate, 
lauryl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl 
methacrylate, iso-propyl methacrylate, n-butyl methacrylate, iso-butyl 
methacrylate, 2-ethyl hexyl methacrylate, cyclohexyl methacrylate, 
and tetrahydrofurfuryl methacrylate. Also, the copolymerizable vinyl 
monomers may include, for example, vinyl ethers, such as methyl vinyl 
ether, ethyl vinyl ether, n-propyl vinyl ether, n-butyl vinyl ether, and 
iso-butyl vinyl ether; styrenes, such as styrene, and a-methyl styrene; 
and a nitrile monomer, such as acrylonitrile, and methacrylonitrile. 
Furthermore, the copolymerizable vinyl monomers may include, for 
example, fatty acid vinyls, such as vinyl acetate, and vinyl propionate; 
and halogen containing monomers, such as vinyl chloride, vinylidene 
chloride, vinyl fluoride, and vinylidene fluoride. Moreover, the 
copolymerizable vinyl monomers may include, for example, olefins, 
such as ethylene, propylene, and isoprene; dienes, such as chloroprene, 
and butadiene; ot,B-unsaturated carboxylic acids, such as acrylic acid, 
methacrylic acid, itaconic acid, maleic acid, maleic anhydride, crotonic 
acid, atropic acid, and citraconic acid; and amides, such as acrylamide, 
methacrylamide, N,N-methylol acrylamide, N,N"dimethyl acrylamide, 
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diacetone acrylamide, and methylacrylamide glycolate methyl ether. 
Further, the copolymerizable vinyl monomers may include, for example, 
amino group containing monomers, such as N,N-dimethyl amino ethyl 
methacrylate, N,N-diethyl amino ethyl methacrylate, N,N*dimethyl 
amino propyl methacrylate, N,N-dimethyl amino ethyl acrylate, 
N,N-diethyl amino ethyl acrylate, and N,N-dimethyl amino propyl 
acrylate; and epoxy group containing monomers, such as glycidyl 
acrylate, glycidyl methacrylate, and glycidyl allyl ether. In addition, 
the copolymerizable vinyl monomers may include, for example, 
2-hydroxy ethyl methacrylate, 2-hydroxy ethyl acrylate, 2-hydroxy 
propyl methacrylate, 2-hydroxy propyl acrylate, 4-hydroxy butyl 
acrylate, allyl alcohol, reaction products between Cardura E (trade 
name, manufactured by Shell Chemicals, Inc.) and any one of acrylic 
acid, methacrylic acid, itacpnic acid, maleic acid, and crotonic acid, 
vinyl pyrolidone, vinyl pyridine, and vinyl carbazole. The other vinyl 
monomers with a hydrolyzable silyl group may include, for example, 
silane coupling agents, such as ymethacryloxypropyltrimethoxysilane, 
y-methacryloxypropyltriethoxysilane, 
ymethacryloxypropylmethyldimethoxysilane, 
y methacryloxypropylmethyldiethoxysilane, 

ymethacryloxypropylmethoxyethoxysilane, vinyltrimethoxy silane, 
and vinyltriethoxy silane. Note that not only one but also two or more 
kinds of vinyl monomers mentioned above may be copolymerized with 
one another. 

[0028] Alternatively, in any one of the above-mentioned heat-resistant 
lubricity imparting coating agents, preferably, the 
polydimethylsiloxane copolymer is a polydimethylsiloxane block 
copolymer which is obtained by copolymerization of at least an 
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azo-group-containing polydimethylsiloxane amide serving as a 
polymerization initiator with the vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more. 

The azo-group-containing polydimethylsiloxane amide is 
represented by the following structural formula. 
[Chemical Structural Formula 2] 



CH 3 CH 3 CH 3 CH 3 

i i ii 

HO{ CO(CH 2 )2C - N = N-C(CH 2 ) 2 CONH(CH 2 ) 3 Si(OSi) x (CH 2 )3NH|H 

CN CN CH 3 CH 3 



where x is an integer number of 10 to 300, and n is an integer number 
of 1 to 50. 

[0029] The polydimethylsiloxane copolymer contained in the 
heat-resistant lubricity imparting coating agent of the invention is a 
block copolymer which is obtained by copolymerization of at least an 
azo-group-containing polydimethylsiloxane amide serving as a 
polymerization initiator with the vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more. In 
manufacturing the polydimethylsiloxane block copolymer, since the 
azo-group-containing polydimethylsiloxane amide including a silicon 
component is used as the initiator, the silicon does not remain as an 
unreacted component. The use of the heat-resistant lubricity 
imparting coating agent according to the invention does not leave 
behind the unreacted silicon component in the heat-resistant lubricous 
protective layer. This heat-resistant lubricity imparting coating 
agent of the invention which contains the above-mentioned block 
copolymer can reduce the occurrence of offset and blocking efficiently, 
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as compared to the heat-resistant lubricity imparting coating agent 
containing the polydimethylsiloxane graft copolymer described above. 
[0030] It should be noted that the vinyl monomers with the long chain 
alkyl group having a carbon number of 12 or more to be used may 
5 include, for example, lauryl methacrylate (having a carbon number of 
12), stearyl methacrylate (having the carbon number of 18), and 
behenyl methacrylate (having the carbon number of 22), as is the case 
with the graft copolymer described above. Not only one but also two 
or more kinds of these may be copolymerized with one another. 

10 When manufacturing the polydimethylsiloxane block copolymer, in 

addition to the azo- group -containing polydimethylsiloxane amide, and 
the vinyl monomer containing the long chain alkyl group having a 
carbon number of 12 or more, the vinyl monomer which is the same as 
that in the above-mentioned graft copolymer may be used for the 

15 copolymerization. 

[0031] Further, in any one of the above-mentioned heat-resistant 
lubricity imparting coating agents, preferably, a silicon component is 
contained only in molecules of the polydimethylsiloxane copolymer. 
[0032] In the heat-resistant lubricity imparting coating agent of the 

20 invention, the silicon component (polydimethylsiloxane) does not exist 
individually (or, is not released). Thus, the heat-resistant lubricity 
imparting coating agent of the invention is used to form the 
heat-resistant lubricous protective layer, whereby the occurrence of 
offset or blocking can be reduced effectively, as compared with the 

25 heat-resistant lubricity imparting coating agent containing the 
above-mentioned polydimethylsiloxane graft copolymer. 
[0033] Such a heat-resistant lubricity imparting coating agent can be 
manufactured by the following steps. First, for example, in a solvent, 
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such as toluene, or methyl ethyl ketone, the azo-group-containing 
polydimethylsiloxane amide which is a polymerization initiator is 
copolymerized with at least the vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more to produce the 
polydimethylsiloxane block copolymer. Then, to a resin solution 
containing the thus-obtained polydimethylsiloxane block copolymer is 
added the solvent, such as methyl ethyl ketone, thereby manufacturing 
the heat-resistant lubricity imparting coating agent. 
[0034] According to another aspect, the present invention provides a 
thermal transfer recording medium, comprising" a substrate film 
having the front surface and the back surface thereof; an ink layer 
formed on the front surface of the substrate film; and a heat-resistant 
lubricous protective layer formed on the back surface of the substrate 
film, wherein said heat-resistant lubricous protective layer includes a 
polydimethylsiloxane copolymer containing a long change alkyl group 
having a carbon number of 12 or more. 

[0035] A thermal transfer recording medium of the invention is 
provided with the heat-resistant lubricous protective layer which 
includes a polydimethylsiloxane copolymer containing the long change 
alkyl group having a carbon number of 12 or more. Such a 
heat-resistant lubricous protective layer can improve the heat 
resistance and lubricity of the recording medium, while decreasing the 
possibility of occurrence of chips due to contact with the thermal head, 
or of adhesion and fusion-bonding of the chips to the head. 
[0036] The heat-resistant lubricous protective layer of the invention 
may contain a binder resin or the like as well as the above-mentioned 
polydimethylsiloxane copolymer. The above polydimethylsiloxane 
copolymer may be either the graft copolymer or the block copolymer, or 
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a combination of two or more different types of copolymers. 

The heat-resistant lubricous protective layer can be formed by 
applying the heat-resistant lubricity imparting coating agent 
containing the above-mentioned polydimethylsiloxane copolymer on 
the back surface of the substrate film. This heat-resistant lubricity 
imparting coating agent may contain the binder resin, the solvent, and 
the like as well as the above-mentioned copolymer. 

[0037] The substrate film to be used may be a film made of 
engineering plastics, such as polyethylene, polypropylen, polyvinyl 
chloride, polyvinyliden chloride, polyester, polyamide, polyimide, 
polyethylene terephthalate, polycarbonate, polyacetal, polyphenylene 
oxide? a plastic film made of cellophane or the like; or a film made of 
cellulose derivatives. 

[0038] In the above-mentioned thermal transfer recording medium, 
further preferably, the weight ratio of said long chain alkyl group 
having a carbon number of 12 or more to the polydimethylsiloxane 
copolymer is not less than 10% by weight nor more than 42% by weight. 
[0039] The thermal transfer recording medium of the invention is 
provided with the heat-resistant lubricous protective layer including 
the polydimethylsiloxane copolymer which contains the long change 
alkyl group having a carbon number of 12 or more in an amount of not 
less than 10% by weight nor more than 42% by weight. Such a 
heat-resistant lubricous protective layer can improve the heat 
resistance and lubricity of the recording medium, while decreasing the 
possibility of occurrence of the head chippings. 

[0040] Alternatively, in the thermal transfer recording medium, 
preferably, said heat-resistant lubricous protective layer is formed by 
applying a heat-resistant lubricity imparting coating agent containing 
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the polydimethylsiloxane copolymer, said polydimethylsiloxane 
copolymer being manufactured such that the weight ratio of a vinyl 
monomer containing the long chain alkyl group having a carbon 
number of 12 or more to the entire monomers used in a 
copolymerization reaction is not less than 15% by weight nor more 
than 55% by weight in manufacturing the polydimethylsiloxane 
copolymer. 

[0041] In the thermal transfer recording medium of the invention, the 
heat-resistant lubricous protective layer is formed by applying the 
heat-resistant lubricity imparting coating agent containing the 
polydimethylsiloxane copolymer, which is manufactured such that the 
weight ratio of the vinyl monomer containing the long chain alkyl 
group having a carbon number of 12 or more to the entire monomers 
used in the copolymerization reaction is not less than 15% by weight 
nor more than 55% by weight. The thus-obtained heat-resistant 
lubricous protective layer can improve the heat resistance and 
lubricity of the recording medium, while decreasing the possibility of 
occurrence of the head chippings. 

[0042] Alternatively, in the above-mentioned thermal transfer 
recording medium, the polydimethylsiloxane copolymer may preferably 
contain the long chain alkyl group having the carbon number of not 
less than 16 nor more than 20. 

[0043] This thermal transfer recording medium is provided with the 
heat-resistant lubricous protective layer containing the 
polydimethylsiloxane copolymer which contains the long chain alkyl 
group having the carbon number of not less than 16 nor more than 20. 
Such a heat-resistant lubricous protective layer can improve the heat 
resistance and lubricity of the recording medium, while decreasing the 
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possibility of occurrence of sticking, offset, and blocking as well as the 
head chippings. Particularly, when the polydimethylsiloxane 
copolymer contains the long alkyl group having the carbon number of 
18, the occurrence of sticking, offset, blocking, and head chippings can 
be reduced most effectively. 

[0044] More preferably, in the above-mentioned recording medium, 
the weight ratio of the long chain alkyl group having the carbon 
number of not less than 16 nor more than 20 to the 
polydimethylsiloxane copolymer is not less than 10% by weight nor 
more than 42% by weight. 

[0045] The thermal transfer recording medium is provided with the 
heat-resistant lubricous protective layer including the 
polydimethylsiloxane copolymer which contains the long change alkyl 
group having the carbon number of not less than 16 nor more than 20 
in an amount of not less than 10% by weight nor more than 42% by 
weight. Such a heat-resistant lubricous protective layer can improve 
the heat resistance and lubricity of the recording medium, while 
decreasing the possibility of occurrence of sticking, offset, and blocking, 
and especially of occurrence of the head chippings. Particularly, the 
long chain alkyl group having the carbon number of 18 is contained in 
the amount of not less than 10% by weight nor more than 42% by 
weight in the polydimethylsiloxane copolymer, which can reduce the 
occurrence of sticking, offset, blocking, and head chippings most 
effectively. 

[0046] Alternatively, more preferably, in the thermal transfer 
recording medium, the heat-resistant lubricous protective layer is 
formed by applying the heat-resistant lubricity imparting coating 
agent containing the polydimethylsiloxane copolymer, which is 



19 



manufactured such that the weight ratio of the vinyl monomer 
containing the long chain alkyl group having the carbon number of 16 
to 20 to the entire monomers used in the copolymerization reaction is 
not less than 15% by weight nor more than 55% by weight in 
manufacturing the polydimethylsiloxane copolymer. 

[0047] Such a heat-resistant lubricous protective layer can improve 
the heat resistance and lubricity of the recording medium, while 
decreasing the possibility of occurrence of sticking, offset, and blocking, 
and especially of occurrence of the head chippings. 

[0048] In any one of the above-mentioned thermal transfer recording 
media, the heat-resistant lubricous protective layer may contain the 
binder made of a resin. 

[0049] The thermal transfer recording medium of the invention is 
provided with the heat-resistant lubricous protective layer containing 
the binder resin. The inclusion of the binder resin can improve the 
strength of the heat-resistant lubricous protective layer, thereby 
further decreasing the possibility of occurrence of chips due to contact 
with the thermal head, and of adhesion and fusion-bonding of the chips 
to the head. 

[0050] Further, in any one of the above-mentioned thermal transfer 
recording medium, preferably, the polydimethylsiloxane copolymer is a 
polydimethylsiloxane graft copolymer which is obtained by 
copolymerization of at least the vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more with a 
polydimethylsiloxane compound containing a polymerizable vinyl 
group at one end thereof. 

[0051] The polydimethylsiloxane copolymer included in the 
heat-resistant lubricous protective layer in the thermal transfer 
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recording medium of the invention is a graft copolymer which is 
obtained by copolymerization of at least the vinyl monomer containing 
the long chain alkyl group having a carbon number of 12 or more with 
the polydimethylsiloxane compound containing the polymerizable vinyl 
monomer at one end thereof. When manufacturing the 
polydimethylsiloxane graft copolymer, the use of the above-mentioned 
measures improves the reactivity between the monomers to decrease 
the amount of unreacted components (polydimethylsiloxane 
compounds, and vinyl monomers). Accordingly, the thermal transfer 
recording medium of the invention can be used to decrease the content 
of the unreacted components in the heat-resistant lubricous protective 
layer, thereby reducing the occurrence of offset and blocking. 
[0052] Alternatively, in any one of the above-mentioned thermal 
transfer recording medium, preferably, the polydimethylsiloxane 
copolymer is a polydimethylsiloxane block copolymer which is obtained 
by copolymerization of at least an azo-group-containing 
polydimethylsiloxane amide serving as a polymerization initiator with 
the vinyl monomer containing the long chain alkyl group having a 
carbon number of 12 or more. 

[0053] Alternatively, the polydimethylsiloxane copolymer included in 
the heat-resistant lubricous protective layer in the thermal transfer 
recording medium of the invention is the polydimethylsiloxane block 
copolymer which is obtained by copolymerization of at least the 
azo-group-containing polydimethylsiloxane amide serving as the 
polymerization initiator with the vinyl monomer containing the long 
chain alkyl group having a carbon number of 12 or more. In 
manufacturing the polydimethylsiloxane block copolymer, since the 
azo-group-containing polydimethylsiloxane amide including the silicon 
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component is used as the initiator, the silicon does not remain as an 
unreacted component. Accordingly, in the thermal transfer recording 
medium of the invention, no unreacted silicon components 
(polydimethylsiloxane compound) are included in the heat-resistant 
lubricous protective layer. This thermal transfer recording medium 
can further reduce the occurrence of offset and blocking efficiently, as 
compared to the thermal transfer recording medium provided with the 
heat-resistant lubricous protective layer containing the 
polydimethylsiloxane graft copolymer described above. 
[0054] Further, in any one of the above-mentioned thermal transfer 
recording medium, preferably, the heat-resistant lubricous protective 
layer contains a silicon component only in molecules of the 
polydimethylsiloxane copolymer. 

[0055] In the thermal transfer recording medium of the invention, the 
silicon component (polydimethylsiloxane) does not exist individually in 
the heat-resistant lubricous protective layer. Thus, this recording 
medium can reduce the occurrence of offset and blocking effectively, as 
compared with the thermal transfer recording medium provided with 
the heat-resistant lubricous protective layer containing the 
polydimethylsiloxane graft copolymer described above. 
[0056] Such a heat-resistant lubricous protective layer can be formed 
by applying on the back surface of the substrate film, the 
heat-resistant lubricity imparting coating agent containing the 
polydimethylsiloxane block copolymer, which is obtained by 
copolymerization of at least the azo-group-containing 
polydimethylsiloxane amide serving as the polymerization initiator 
with the vinyl monomer containing the long chain alkyl group having a 
carbon number of 12 or more. 
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BRIEF DESCRIPTION OF DRAWINGS 
[0057] 

Fig. 1 is a table showing components (components of resin 
5 solutions 1 to 11) for use in manufacturing graft copolymers 1 to 111 

Fig. 2 is a table showing components for use in manufacturing 
Examples 1 to 10, and Comparative Examples 1 to 3; 

Fig. 3 is a table showing components (components of resin 
solutions 12 to 22) for use in manufacturing block copolymers 1 to 11; 
10 Fig. 4 is a table showing components for use in manufacturing 

Examples 11 to 20, and Comparative Examples 4 to 6; 

Fig. 5 is a table showing test results of Examples 1 to 10; 

Fig. 6 is a table showing test results of Examples 11 to 20; and 

Fig. 7 is a table showing test results of Comparative Examples 

15 1 to 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0058] Now, Examples 1 to 20 of the invention will be described in 

detail, compared with Comparative Examples 1 to 6. 

20 In the present examples, nine kinds of polidimethylsiloxane 

graft copolymers (graft copolymers 1 to 9) were used to manufacture 
ten kinds of heat-resistant lubricity imparting coating agents 
(Examples 1 to 10). Furthermore, nine kinds of polidimethylsiloxane 
block copolymers (block copolymers 1 to 9) were used to manufacture 

25 ten kinds of heat-resistant lubricity imparting coating agents 
(Examples 11 to 20) (see Figs. 1 to 4). As comparative examples, two 
kinds of polidimethylsiloxane graft copolymers (graft copolymers 10 
and 11) were used to manufacture three kinds of heat-resistant 
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lubricity imparting coating agents (Comparative Examples 1 to 3). 
Furthermore, two kinds of polidimethylsiloxane block copolymers 
(block copolymers 10 and 11) were used to manufacture three kinds of 
heat-resistant lubricity imparting coating agents (Comparative 
Examples 4 to 6) (see Figs. 1 to 4). 

[0059] First, as shown in Fig. 1, 11 kinds of polydimethylsiloxane 
graft copolymers (graft copolymers 1 to 11) were manufactured. 
(Manufacturing of Graft Copolymer l) 

First, to a 500 ml flask equipped with a stirrer, a thermometer, 
a condenser, a nitrogen introducing pipe, and a monomer drop layer, 
were added 90 parts by weight (hereinafter simply referred to as 
"parts") of toluene, 90 parts of methyl ethyl ketone, and 10 parts of 
FM-0721 (manufactured by Chisso Corporation, trade name* 
polydimethylsiloxane containing a methacrylic group at one end, 
length of silicon chain 5,000), and the flask was heated to 80°C. Then, 
30 parts of stearyl methacrylate (SMA), 35 parts of methyl 
methacrylate (MMA), 12.5 parts of hydroxyethyl methacrylate, 12.5 
parts of methacrylic acid, and 1.0 part of ABN-E (manufactured by 
Japan Hydrazine Co., Inc., trade name' 

2,2-azobis(2-methylbutyronitrile)) were dropped into the flask over 
about two hours, followed by polymerization for two hours. 
Thereafter, 0.5 parts of ABN-E, 10 parts of toluene, and 10 parts of 
methyl ethyl ketone were dropped into the reaction product, and 
further polymerized for three hours. Thus, a resin solution 1 (solid 
content^ 33.3%) containing a graft copolymer 1 was obtained. 
[0060] (Manufacturing of Graft Copolymer 2) 

A resin solution 2 (solid content: 33.3%) containing a graft 
copolymer 2 was obtained using the same manufacturing method as 
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that of the above-mentioned graft copolymer 1, except that the amount 
of methyl methacrylate was 55 parts, and the amount of stearyl 
methacrylate was 10 parts. 
[0061] (Manufacturing of Graft Copolymer 3) 

A resin solution 3 (solid content- 33.3%) containing a graft 
copolymer 3 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that the amount 
of methyl methacrylate was 50 parts, and the amount of stearyl 
methacrylate was 15 parts. 

[0062] (Manufacturing of Graft Copolymer 4) 

A resin solution 4 (solid content- 33.3%) containing a graft 
copolymer 4 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that the amount 
of methyl methacrylate was 10 parts, and the amount of stearyl 
methacrylate was 55 parts. 

[0063] (Manufacturing of Graft Copolymer 5) 

A resin solution 5 (solid content- 33.3%) containing a graft 
copolymer 5 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that the amount 
of methyl methacrylate was 5 parts, and the amount of stearyl 
methacrylate was 60 parts. 

[0064] (Manufacturing of Graft Copolymer 6) 

A resin solution 6 (solid content- 33.3%) containing a graft 
copolymer 6 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that 30 parts of 
lauryl methacrylate was dropped instead of 30 parts of stearyl 
methacrylate. 

[0065] (Manufacturing of Graft Copolymer 7) 
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A resin solution 6 (solid content" 33.3%) containing a graft 
copolymer 6 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that the amount 
of FM-0721 was 20 parts, the amount of methyl methacrylate was 30 
parts, the amount of hydroxyethyl methacrylate was 10 parts, the 
amount of methacrylic acid was 10 parts, and 30 parts of lauryl 
methacrylate was dropped instead of 30 parts of stearyl methacrylate. 
[0066] (Manufacturing of Graft Copolymer 8) 

A resin solution 8 (solid content" 33.3%) containing a graft 
copolymer 8 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that 30 parts of 
behenyl methacrylate was dropped instead of 30 parts of stearyl 
methacrylate. 

[0067] (Manufacturing of Graft Copolymer 9) 

Using the same equipment as that in the manufacturing 
method of the graft copolymer 1 described above, 45 parts of toluene, 
135 parts of methyl ethyl ketone, and 30 parts of FM-0721 were 
charged into the flask, and the flask was heated to 80°C. Then, 30 
parts of behenyl methacrylate, 20 parts of methyl methacrylate, 10 
parts of hydroxyethyl methacrylate, 10 parts of methacrylic acid, and 
1.0 part of ABN-E (manufactured by Japan Hydrazine Co., Inc., trade 
name^ 2,2-azobis(2-methylbutyronitrile)) were dropped into the flask 
over about two hours, followed by polymerization for tw;o hours. 
Thereafter, 0.5 part of ABN-E, 5 parts of toluene, and 15 parts of 
methyl ethyl ketone were dropped into the reaction product, and 
polymerized for three hours. Thus, a resin solution 9 (solid content^ 
33.3%) containing a graft copolymer 9 was obtained. 
[0068] (Manufacturing of Graft Copolymer 10) 
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A resin solution 10 (solid content: 33.3%) containing a graft 
copolymer 10 was obtained by the same polymerization as that in the 
manufacturing method of the above-mentioned graft copolymer 1, 
except that the amount of methyl methacrylate was 65 parts without 
adding 90 parts of methyl ethyl ketone and the stearyl methacrylate. 
[0069] (Manufacturing of Graft Copolymer 11) 

A resin solution 11 (solid content: 33.3%) containing a graft 
copolymer 11 was manufactured by the same polymerization as that in 
the manufacturing method of the above-mentioned graft copolymer 1, 
except that the amount of methyl methacrylate was 15 parts, and the 
amount of stearyl methacrylate was 60 parts without adding FM-0721. 
[0070] Then, as shown in Fig. 3, 11 kinds of polydimethylsiloxane 
block copolymers (block copolymers 1 to 11) were manufactured. 

(Manufacturing of Block Copolymer l) 

Using the same equipment as that in the manufacturing 
method of the graft copolymer 1 described above, 100 parts of toluene, 
100 parts of methyl ethyl ketone, 30 parts of stearyl methacrylate, 35 
parts of methyl methacrylate, 12.5 parts of hy droxyethyl methacrylate, 
12.5 parts of methacrylic acid, and 10 parts of VPS1001 (manufactured 
by Wako Junyaku Co., Ltd., trade name: an azo-group-containing 
polydimethylsiloxane amide, length of silicon: 10,000) were charged 
into the flask, and stirred to obtain the uniformly dispersed solution. 
The flask was heated to 80°C, followed by five hours of polymerization. 
Then, 0.5 part of ABN-E (manufactured by Japan Hydrazine Co., Inc., 
trade name: 2,2-azobis(2-methylbutyronitrile)) was dropped into the 
flask, and polymerized for two hours. Thus, a resin solution 12 (solid 
content: 33.3%) containing a block copolymer 1 was obtained. 
[0071] (Manufacturing of Block Copolymer 2) 



27 



A resin solution 13 (solid content- 33.3%) containing a block 
copolymer 2 was obtained using the same manufacturing method as 
that of the above-mentioned block copolymer 1, except that the amount 
of methyl methacrylate was 55 parts, and the amount of stearyl 
methacrylate was 10 parts. 
[0072] (Manufacturing of Block Copolymer 3) 

A resin solution 14 (solid content- 33.3%) containing a block 
copolymer 3 was obtained using the same manufacturing method as 
that of the above-mentioned block copolymer 1, except that the amount 
of methyl methacrylate was 50 parts, and the amount of stearyl 
methacrylate was 15 parts. 

[0073] (Manufacturing of Block Copolymer 4) 

A resin solution 15 (solid content: 33.3%) containing a block 
copolymer 4 was obtained using the same manufacturing method as 
that of the above-mentioned block copolymer 1, except that the amount 
of methyl methacrylate was 10 parts, and the amount of stearyl 
methacrylate was 55 parts. 

[0074] (Manufacturing of Block Copolymer 5) 

A resin solution 16 (solid content: 33.3%) containing a block 
copolymer 5 was obtained using the same manufacturing method as 
that of the above-mentioned block copolymer 1, except that the amount 
of methyl methacrylate was 5 parts, and the amount of stearyl 
methacrylate was 60 parts. 

[0075] (Manufacturing of Graft Copolymer 6) 

A resin solution 17 (solid content: 33.3%) containing a graft 
copolymer 6 was obtained using the same manufacturing method as 
that of the above-mentioned graft copolymer 1, except that 30 parts of 
lauryl methacrylate was dropped instead of 30 parts of stearyl 
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methacrylate. 

[0076] (Manufacturing of Block Copolymer 7) 

A resin solution 18 (solid content* 33.3%) containing a block 
copolymer 7 was obtained by the same polymerization as that in the 
manufacturing method of the above-mentioned block copolymer 1, 
except that the amount of methyl methacrylate was 30 parts, the 
amount of hydroxyethyl methacrylate was 10 parts, the amount of 
methacrylic acid was 10 parts, the amount of VPS1001 was 20 parts, 
and 30 parts of lauryl methacrylate was dropped instead of 30 parts of 
stearyl methacrylate. 

[0077] (Manufacturing of Block Copolymer 8) 

A resin solution 19 (solid content" 33.3%) containing a block 
copolymer 8 was obtained using the same manufacturing method as 
that of the above-mentioned block copolymer 1, except that 30 parts of 
behenyl methacrylate was dropped instead of 30 parts of stearyl 
methacrylate. 

[0078] (Manufacturing of Block Copolymer 9) 

A resin solution 20 (solid content- 33.3%) containing a block 
copolymer 9 was obtained by the same polymerization as that in the 
manufacturing method of the above-mentioned block copolymer 1, 
except that the amount of toluene was 50 parts, the amount of methyl 
ethyl ketone was 150 parts, the amount of methyl methacrylate was 20 
parts, the amount of hydroxyethyl methacrylate was 10 parts, the 
amount of methacrylic acid was 10 parts, the amount of VPS1001 was 
30 parts, and 30 parts of behenyl methacrylate was dropped instead of 
30 parts of stearyl methacrylate. 
[0079] (Manufacturing of Block Copolymer 10) 

A resin solution 21 (solid content- 33.3%) containing a block 
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copolymer 10 was obtained by the same polymerization as that in the 
manufacturing method of the above-mentioned block copolymer 1, 
except that the amount of methyl ethyl ketone was 200 parts, and the 
amount of methyl methacrylate was 65 parts without adding 100 parts 
of toluene and stearyl methacrylate. 
[0080] (Manufacturing of Block Copolymer 11) 

A resin solution 22 (solid content* 33.3%) containing a block 
copolymer 11 was obtained by the same polymerization as that in the 
manufacturing method of the above-mentioned block copolymer 1, 
except that the amount of methyl methacrylate was 15 parts, and the 
amount of stearyl methacrylate was 60 parts without adding VPS1001. 

Example 1 

[0081] As shown in Fig. 2, a combined solvent made of 380 parts of 
methyl ethyl ketone and 20 parts of cyclohexanone was added to 100 
parts of the resin solution 1 (containing the graft copolymer l) to 
manufacture a heat-resistant lubricity imparting coating agent (solid 
content- 5%). 

Note that when manufacturing the graft copolymer 1 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction is 30% by 
weight (30 parts/ 100 parts) (see Fig. l). The graft copolymer 1 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained includes about 22.4% by weight of the long chain alkyl group 
having the carbon number of 18. 

[0082] Then, the heat-resistant lubricity imparting coating agent was 



30 



applied on the back surface of a PET film of 4.5 pm in thickness, and 
heated and dried at 100°C for one minute to form the heat-resistant 
lubricous protective layer (graft copolymer l) having a thickness of 0.3 
lim. Thereafter, onto the front surface of the PET film, heat sensitive 
ink made of 8 parts of paraffin wax, 10 parts of carnauba wax, and 6 
parts of carbon black was applied to form an ink layer of 4.0 pm in 
thickness, thereby manufacturing a thermal transfer recording 
medium. 

Example 2 

[0083] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 2 (containing 
the graft copolymer 2) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). Note that when 
manufacturing the graft copolymer 2 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 
number of 18 (for example, stearyl methacrylate) to the entire 
monomers used in the copolymerization reaction was 10% by weight 
(10 parts/ 100 parts) (see Fig. l). The graft copolymer 2 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
included about 7.5% by weight of the long chain alkyl group having the 
carbon number of 18. 

[0084] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 2) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
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manufacturing a thermal transfer recording medium. 
Example 3 

[0085] As shown in Fig. 2, the same combined solvent as that in 
5 Example 1 was added to 100 parts of the resin solution 3 (containing 
the graft copolymer 3) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). Note that when 
manufacturing the graft copolymer 3 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 

10 monomer containing the long chain alkyl group having the carbon 
number of 18 (for example, stearyl methacrylate) to the entire 
monomers used in the copolymerization reaction was 15% by weight 
(15 parts/ 100 parts) (see Fig. l). The graft copolymer 3 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 

15 included about 11.2 % by weight of the long chain alkyl group having 
the carbon number of 18. 

[0086] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 3) of 0.3 pm in thickness was formed 
20 on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

Example 4 

25 [0087] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 4 (containing 
the graft copolymer 4) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). Note that when 
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manufacturing the graft copolymer 4 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 
number of 18 (for example, stearyl methacrylate) to the entire 
5 monomers used in the copolymerization reaction was 55 % by weight 
(55 parts/ 100 parts) (see Fig. 1). The graft copolymer 4 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
included about 41.1 % by weight of the long chain alkyl group having 
the carbon number of 18. 

10 [0088] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 4) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 

15 manufacturing a thermal transfer recording medium. 

Example 5 

[0089] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 5 (containing 

20 the graft copolymer 5) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). Note that when 
manufacturing the graft copolymer 5 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 

25 number of 18 (for example, stearyl methacrylate) to the entire 
monomers used in the copolymerization reaction was 60 % by weight 
(60 parts/ 100 parts) (see Fig. 1). The graft copolymer 5 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
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included about 44.9 % by weight of the long chain alkyl group having 
the carbon number of 18. 

[0090] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
5 protective layer (graft copolymer 5) of 0.3 jim in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

10 Example 6 

[0091] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 6 (containing 
the graft copolymer 6) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). Note that when 

15 manufacturing the graft copolymer 6 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 
number of 12 (for example, lauryl methacrylate) to the entire 
monomers used in the copolymerization reaction was 30 % by weight 

20 (30 parts/ 100 parts) (see Fig. 1). The graft copolymer 6 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
included about 21.1 % by weight of the long chain alkyl group having 
the carbon number of 12. 

[0092] Then, using the heat-resistant lubricity imparting coating 
25 agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 6) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
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manufacturing a thermal transfer recording medium. 
Example 7 

[0093] As shown in Fig. 2, the same combined solvent as that in 
5 Example 1 was added to 100 parts of the resin solution 7 (containing 
the graft copolymer 7) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). Note that when 
manufacturing the graft copolymer 7 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 

10 monomer containing the long chain alkyl group having the carbon 
number of 12 (for example, lauryl methacrylate) to the entire 
monomers used in the copolymerization reaction was 30 % by weight 
(30 parts/ 100 parts) (see Fig. 1). The graft copolymer 7 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 

15 included about 21.1 % by weight of the long chain alkyl group having 
the carbon number of 12. 

[0094] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 7) of 0.3 pm in thickness was formed 
20 on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

Example 8 

25 [0095] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 8 (containing 
the graft copolymer 8) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). Note that when 
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manufacturing the graft copolymer 8 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 
number of 22 (for example, behenyl methacrylate) to the entire 
monomers used in the copolymerization reaction was 30 % by weight 
(30 parts/ 100 parts) (see Fig. 1). The graft copolymer 8 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
included about 23.5 % by weight of the long chain alkyl group having 
the carbon number of 22. 

[0096] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 8) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

Example 9 

[0097] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 9 (containing 
the graft copolymer 9) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). Note that when 
manufacturing the graft copolymer 9 contained in the heat-resistant 
lubricity imparting coating agent, the weight ratio of the vinyl 
monomer containing the long chain alkyl group having the carbon 
number of 22 (for example, behenyl methacrylate) to the entire 
monomers used in the copolymerization reaction was 30 % by weight 
(30 parts/ 100 parts) (see Fig. l). The graft copolymer 9 contained in 
the heat-resistant lubricity imparting coating agent thus obtained 
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included about 23.5 % by weight of the long chain alkyl group having 
v the carbon number of 22. 
[0098] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 9) of 0.3 jim in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

Example 10 

[0099] As shown in Fig. 2, into 75 parts of the resin solution 1 
(containing the graft copolymer l), were added 25 parts of 20% 
polyvinyl acetal methyl ethyl ketone solution as well as the same 
combined solvent in that in Example 1 to obtain a dilute solution 
diluted up to 5 % of solid content. 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 1 + binder resin) of 0.3 p.m in 
thickness was formed on the back surface of the PET film, and the ink 
layer of 4.0 jim in thickness was formed on the front surface of the PET 
film, thereby manufacturing a thermal transfer recording medium. 

Example 11 

[0100] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 12 (containing 
the block copolymer l) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content* 5%). 

Note that when manufacturing the block copolymer 1 contained 
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in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 30 % 
by weight (30 parts/ 100 parts) (see Fig. 3). The block copolymer 1 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 22.4 % by weight of the long chain alkyl group 
having the carbon number of 18. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
1. 

[0101] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer l) of 0.3 jim in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 p.m in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 11 contained a 
silicon component only in molecules of the block copolymer 1. 

Example 12 

[0102] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 13 (containing 
the block copolymer 2) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). 

Note that when manufacturing the block copolymer 2 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
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having. the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 10 % 
- by weight (10 parts/ 100 parts) (see Fig. 3). The block copolymer 2 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 7.5 % by weight of the long chain alkyl group 
having the carbon number of 18. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
2. 

[0103] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 2) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 12 contained a 
silicon component only in molecules of the block copolymer 2. 

Example 13 

[0104] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 14 (containing 
the block copolymer 3) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content : 5%). 

Note that when manufacturing the block copolymer 3 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 15% by 
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weight (15 parts/ 100 parts) (see Fig. 3). The block copolymer 3 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 11.2% by weight of the long chain alkyl group 
having the carbon number of 18. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
3. 

[0105] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 3) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 13 contained a 
silicon component only in molecules of the block copolymer 3. 

Example 14 

[0106] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 15 (containing 
the block copolymer 4) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). 

Note that when manufacturing the block copolymer 4 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 55% by 
weight (55 parts/ 100 parts) (see Fig. 3). The block copolymer 4 
contained in the heat-resistant lubricity imparting coating agent thus 
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obtained included about 41.1% by weight of the long chain alkyl group 
having the carbon number of 18. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
4. 

[0107] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 4) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 14 contained a 
silicon component only in molecules of the block copolymer 4. 

Example 15 

[0108] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 16 (containing 
the block copolymer 5) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). 

Note that when manufacturing the block copolymer 5 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 18 (for example, stearyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 60% by 
weight (60 parts/ 100 parts) (see Fig. 3). The block copolymer 5 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 44.9% by weight of the long chain alkyl group 
having the carbon number of 18. 
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Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
5. 

[0109] Then, using the heat-resistant lubricity imparting coating 
5 agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 5) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
10 heat-resistant lubricous protective layer in Example 15 contained a 
silicon component only in molecules of the block copolymer 5. 

Example 16 

[0110] As shown in Fig. 4, the same combined solvent as that in 
15 Example 1 was added to 100 parts of the resin solution 17 (containing 

the block copolymer 6) to manufacture a heat-resistant lubricity 

imparting coating agent (solid content- 5%). 

Note that when manufacturing the block copolymer 6 contained 

in the heat-resistant lubricity imparting coating agent, the weight 
20 ratio of the vinyl monomer containing the long chain alkyl group 

having the carbon number of 12 (for example, lauryl methacrylate) to 

the entire monomers used in the copolymerization reaction was 30% by 

weight (30 parts/ 100 parts) (see Fig. 3). The block copolymer 6 

contained in the heat-resistant lubricity imparting coating agent thus 
25 obtained included about 21.1% by weight of the long chain alkyl group 

having the carbon number of 12. 

Also, the heat-resistant lubricity imparting coating agent 

contained a silicon component only in molecules of the block copolymer 
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6. 

[0111] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 6) of 0.3 jim in thickness was formed 
5 on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 16 contained a 
silicon component only in molecules of the block copolymer 6. 

10 

Example 17 

[0112] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 18 (containing 
the block copolymer 7) to manufacture a heat-resistant lubricity 

15 imparting coating agent (solid content- 5%). 

Note that when manufacturing the block copolymer 7 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 12 (for example, lauryl methacrylate) to 

20 the entire monomers used in the copolymerization reaction was 30% by 
weight (30 parts/ 100 parts) (see Fig. 3). The block copolymer 7 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 21.1% by weight of the long chain alkyl group 
having the carbon number of 12. 

25 Also, the heat-resistant lubricity imparting coating agent 

contained a silicon component only in molecules of the block copolymer 
7. 

[0113] Then, using the heat-resistant lubricity imparting coating 
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agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 7) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 17 contained a 
silicon component only in molecules of the block copolymer 7. 

Example 18 

[0114] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 19 (containing 
the block copolymer 8) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). 

Note that when manufacturing the block copolymer 8 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 22 (for example, behenyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 30% by 
weight (30 parts/ 100 parts) (see Fig. 3). The block copolymer 8 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 23.5% by weight of the long chain alkyl group 
having the carbon number of 22. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
8. 

[0115] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 8) of 0.3 pm in thickness was formed 
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on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 18 contained a 
silicon component only in molecules of the block copolymer 8. 

Example 19 

[0116] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 20 (containing 
the block copolymer 9) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). 

Note that when manufacturing the block copolymer 9 contained 
in the heat-resistant lubricity imparting coating agent, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
having the carbon number of 22 (for example, behenyl methacrylate) to 
the entire monomers used in the copolymerization reaction was 30% by 
weight (30 parts/ 100 parts) (see Fig. 3). The block copolymer 9 
contained in the heat-resistant lubricity imparting coating agent thus 
obtained included about 23.5% by weight of the long chain alkyl group 
having the carbon number of 22. 

Also, the heat-resistant lubricity imparting coating agent 
contained a silicon component only in molecules of the block copolymer 
9. 

[0117] Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 9) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
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manufacturing a thermal transfer recording medium. The 
heat-resistant lubricous protective layer in Example 19 contained a 
silicon component only in molecules of the block copolymer 9. 

Example 20 

[0118] As shown in Fig. 4, into 75 parts of the resin solution 12 
(containing the block copolymer l), were added 25 parts of 20% 
polyvinyl acetal methyl ethyl ketone solution as well as the same 
combined solvent in that in Example 1 to obtain a heat-resistant 
lubriqity imparting coating agent (solid content- 5%). The 
heat-resistant lubricity imparting coating agent contained a silicon 
component only in molecules of the block copolymer 1. 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 1 + binder resin) of 0.3 pm in 
thickness was formed on the back surface of the PET film, and the ink 
layer of 4.0 jim in thickness was formed on the front surface of the PET 
film, thereby manufacturing a thermal transfer recording medium. 
As in Example 11, the heat-resistant lubricous protective layer in 
Example 20 contained a silicon component only in molecules of the 
block copolymer 1. 

(Comparative example l) 

[0119] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 10 (containing 
the graft copolymer 10) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). 

Then, using the heat-resistant lubricity imparting coating 
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agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 10) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

(Comparative example 2) 

[0120] As shown in Fig. 2, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 11 (containing 
the graft copolymer 11) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content- 5%). 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 11) of 0.3 pm in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 pm in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

(Comparative example 3) 

[0121] As shown in Fig. 2, 50 parts of the resin solution 10 (containing 
the graft copolymer 10) and 50 parts of the resin solution 11 
(containing the graft copolymer 11) were mixed. To this mixture, the 
same combined solvent as that in Example 1 was added to manufacture 
a heat-resistant lubricity imparting coating agent (solid content: 5%). 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (graft copolymer 10 + graft copolymer 11) of 0.3 pm in 
thickness was formed on the back surface of the PET film, and the ink 
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layer of 4.0 pm in thickness was formed on the front surface of the PET 
film, thereby manufacturing a thermal transfer recording medium. 

(Comparative example 4) 
5 [0122] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 21 (containing 
the block copolymer 10) to manufacture a heat-resistant lubricity 
imparting coating agent (solid content: 5%). 

Then, using the heat-resistant lubricity imparting coating 
10 agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 10) of 0.3 jim in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 jim in 
thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

15 

(Comparative example 5) 

[0123] As shown in Fig. 4, the same combined solvent as that in 
Example 1 was added to 100 parts of the resin solution 22 (containing 
the block copolymer 11) to manufacture a heat-resistant lubricity 

20 imparting coating agent (solid content: 5%). 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 11) of 0.3 jim in thickness was formed 
on the back surface of the PET film, and the ink layer of 4.0 jim in 

25 thickness was formed on the front surface of the PET film, thereby 
manufacturing a thermal transfer recording medium. 

(Comparative example 6) 
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[0124] As shown in Fig. 4, 50 parts of the resin solution 21 (containing 
the block copolymer 10) and 50 parts of the resin solution 22 
(containing the block copolymer 11) were mixed. To this mixture, the 
same combined solvent as that in Example 1 was added to manufacture 
a heat-resistant lubricity imparting coating agent (solid content- 5%). 

Then, using the heat-resistant lubricity imparting coating 
agent, in the same way as that in Example 1, a heat-resistant lubricous 
protective layer (block copolymer 10 + block copolymer 11) of 0.3 jim in 
thickness was formed on the back surface of the PET film, and the ink 
layer of 4.0 pm in thickness was formed on the front surface of the PET 
film, thereby manufacturing a thermal transfer recording medium. 

[0125] The thus-obtained thermal transfer recording media in 
Examples 1 to 20 and Comparative Examples 1 to 6 were evaluated for 
the following characteristics. Results were shown in Figs. 5, 6, and 7. 
(Appearance of Resin Solution) 

First, the resin solutions used in the thermal transfer 
recording media of Examples 1 to 20 and Comparative Examples 1 to 6 
were evaluated for appearance. As shown in Figs. 5, 6, and 7, the 
resin solutions used in Examples 1 to 20 and Comparative Examples 1 
and 4, that is, the resin solutions 1 to 10, and 12 to 21 were milky 
white and transparent. The resin solutions used in Comparative 
Examples 2 and 5, that is, the resin solutions 11 and 22 were colorless 
and transparent. 

In contrast, the resin solutions used in Comparative Examples 
3 and 6, that is, a combination of the resin solutions 10 and 11, and a 
combination of the resin solutions 21 and 22 developed a white 
turbidity. The result shows that the compatibility between the resin 
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solution 10 and the resin solution 11, and the compatibility between 

the resin solution 21 and the resin solution 22 were not good. 

[0126] (Appearance of Heat-resistant Lubricity Imparting Coating 

Agent) 

5 Next, the heat-resistant lubricity imparting coating agents 

used in the thermal transfer recording media of Examples 1 to 20 and 
Comparative Examples 1 to 6 were evaluated for appearance. As 
shown in Figs. 5, 6, and 7, the heat-resistant lubricity imparting 
coating agent used in Example 7 became turbid, but the other coating 

10 agents were colorless and transparent. 

[0127] (Appearance of Heat-resistant Lubricous Protective Layer) 

Then, the heat-resistant lubricous protective layers of 
Examples 1 to 20 and Comparative Examples 1 to 6 were evaluated for 
appearance. As shown in Figs. 5, 6, and 7, the protective layers of 

15 Examples 1 to 7, 10 to 17, and 20, and Comparative Examples 1, 2, 4, 
and 5 were had no turbidity. The protective layers of Examples 8, 9, 
18, and 19 became turbid, but its turbidity was slight. 

In contrast, the heat-resistant lubricous protective layers of 
the Comparative Examples 3 and 6 became turbid. This is considered 

20 to be because the compatibility between the resin solutions 10 and 11 
included in Comparative Example 3 was not good, and the 
compatibility between the resin solutions 21 and 22 included in 
Comparative Example 6 was not good, resulting in the heterogeneous 
heat-resistant lubricous protective layer. 

25 [0128] (Sticking) 

Then, the thermal transfer recording media of Examples 1 to 20 
and Comparative Examples 1 to 6 were evaluated for sticking 
prevention property. More specifically, the recording media of 



50 



Examples 1 to 20 and Comparative Examples 1 to 6 were mounted on a 
printer MR420SV (trade name, manufactured by SATO Corporation). 
With a printing density set to level 4, a printing speed to 8 inches, and 
a printing pattern to a CODE 39 longitudinal bar code, printing was 
carried out on a roll paper label. After printing, the thermal transfer 
recording media of Examples 1 to 20 and Comparative Examples 1 to 6 
were evaluated for degrees of wrinkles, respectively. 

[0129] As shown in Figs. 5, 6, and 7, in Examples 1 to 20 and 
Comparative Examples 1 and 4, good sticking prevention properties 
can be obtained without the occurrence of wrinkles. 

In contrast, in Comparative Examples 2 and 5, large wrinkles 
occurred, making it impossible for the thermal transfer recording 
media to be traveled. This is considered to be because the 
heat-resistant lubricous protective layers of Comparative Examples 2 
and 5 did not contain silicon components (polydimethylsiloxane), 
thereby not providing enough lubricity. Also, in Comparative 
Examples 3 and 6, wrinkles occurred, resulting in defective printing. 
This is because the compatibility between the resin solutions 10 and 11 
constituting the heat-resistant lubricity imparting coating agent used 
in Comparative Example 3 was not good, and also the compatibility 
between the resin solutions 21 and 22 constituting the coating agent 
used in Comparative Example 6 was not good, thus failing to form the 
heat-resistant lubricous protective layer appropriately (that is, 
resulting in defective formation of film). 
[0130] (Head chippings) 

Then, Examples 1 to 20 and Comparative Examples 1 to 6 were 
evaluated for head chippings. More specifically, printing was carried 
out under the same conditions as that of the evaluation of sticking 
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prevention property mentioned above, except that the printing speed 
was 4 inches (without head cleaning, and in continuous printing using 
a ribbon having a length of 30 m per reel). After being printed, the 
heat-resistant recording media of Examples 1 to 20 and Comparative 
5 Examples 1 to 6 were evaluated for degrees of the head chippings. 

First, these recording media were examined for presence or 
absence of materials fusion-bonded on the thermal head. As shown in 
Fig. 7, in Comparative Examples 3 and 6, the fusion-bonded materials 
were baked on the thermal head, causing defective printing. The 
10 fusion-bonded materials were not able to be removed even with alcohol. 
This is considered to be because the heat-resistant lubricous protective 
layer was not able to be formed appropriately (that is, because of 
defective formation), as mentioned above. 

[0131] Furthermore, as shown in Figs. 5, and 6, in Examples 1 to 9, 11 
15 to 19, and Comparative Examples 1, 2, 4, and 5, there were a few 
materials fusion-bonded on the head, not affecting printing. In 
contrast, in Examples 10 and 20, nothing was fusion-bonded on the 
head. This is considered to be because 20% polyvinyl acetal methyl 
ethyl ketone solution was added into the heat-resistant lubricity 
20 imparting coating agents of Examples 10 and 20, as shown in Figs. 2 
and 4. That is, in Examples 10 and 20, the inclusion of the binder 
resin in the heat-resistant lubricous protective layer can improve the 
strength of the protective layer, thereby preventing occurrence of chips 
due to friction with the thermal head. 
25 [0132] Next, dropped chips (white particles) deposited on the rear part 
of the thermal head were examined. As shown in Fig. 7, in 
Comparative Examples 1 and 4, a lot of dropped chips (white particles) 
were deposited on the head, thus leading to the defective printing. 
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This is considered to be because the graft and block copolymers 10 
included in the respective heat-resistant lubricity imparting coating 
agents used in Comparative Examples 1 and 4 did not contain the long 
chain alkyl group having a carbon number of 12 or more, resulting in 
insufficient strength of the heat-resistant lubricous protective layers. 
[0133] Furthermore, as shown in Figs. 5 and 6, although in Examples 
2 and 12, the long chain alkyl group having a carbon number of 12 or 
more was included, the dropped chips (that is, white particles) were 
deposited on the head. This is because, in manufacturing the graft 
copolymer 2 and the block copolymer 2 contained in the heat-resistant 
lubricity imparting coating agents used in Examples 2 and 12, the 
weight ratio of the vinyl monomer containing the long chain alkyl 
group having a carbon number of 12 or more (for example, stearyl 
methacrylate) to the entire monomers used for the copolymerization 
reaction was 10% by weight, which was low. That is, it is considered 
that only 7.5% by weight of the long chain alkyl group having a carbon 
number of 12 or more was contained in the graft copolymer 2 and the 
block copolymer 2, resulting in insufficient strength of the 
heat-resistant lubricous protective layer. However, the dropped chips 
(white particles) deposited were able to be removed easily with alcohol, 
which was not problematic from a practical point of view. 
[0134] In contrast, as shown in Figs. 5 and 6, although in Examples 3 
and 13, there was slight deposition of the dropped chips (white 
particles) on the head, which did not affect the printing quality, and 
the dropped chips (white particle) were able to be removed easily with 
alcohol. Furthermore, in Examples 1, 4 to 9, 11, and 14 to 19, there 
occurred a few dropped chips (a few white particles) with no influence 
on the printing quality at all. This is because, as shown in Figs.l and 
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3, in manufacturing the graft copolymers 1, 3 to 9, and the block 
copolymers 1, 3 to 9 contained in the heat-resistant lubricity imparting 
coating agents used in Examples 1, 3 to 9, 11, and 13 to 19, the weight 
ratio of the vinyl monomer containing the long chain alkyl group 
5 having a carbon number of 12 or more (e.g., the SMA having the carbon 
number of 18, the LMA having a carbon number of 12, or the behenyl 
methacrylate having the carbon number of 22) to the entire monomers 
used in the copolymerization reaction was not less than 15% by weight. 
That is, the inclusion of the long chain alkyl group having a carbon 
10 number of 12 or more in an amount of 10% by weight or more in the 
graft copolymers 1, 3 to 9, and in the block copolymers 1, 3 to 9 has 
improved the strength of the heat-resistant lubricous protective layer 
as compared to Examples 2 and 12. 

[0135] Furthermore, also in Examples 10 and 20, no dropped chips (no 
15 white particles) occurred at all. This is because, in spite of the fact 
that the same graft or block copolymer 1 as that in Examples 1 or 11 
was used, and in addition, by the inclusion of the binder resin in the 
heat-resistant lubricous protective layer, the strength of the 
heat-resistant lubricous protective layer was further improved as 
20 mentioned above, thereby reducing the occurrence of chips due to 
friction with the thermal head. 
[0136] (Offset) 

Then, Examples 1 to 20 and Comparative Examples 1 to 6 were 
evaluated for the offset prevention property. More specifically, the 
25 heat transfer recording medium and a PET film were superimposed on 
each other such that the heat-resistant lubricous protective layer of 
the medium was in contact with the PET film. They were sandwiched 
between two glass plates, and heated at 50°C for 24 hours with a load 
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of 2 kg/cm 2 being applied thereto. Then, on the contact surface of the 
PET film with the protective layer, a contact angle with respect to 
water was measured. Thus, a change in contact angle with respect to 
water before and after the test was examined. Furthermore, this 
contact surface was evaluated for rejection of ink when ink of a 
permanent marker, and heat sensitive ink (made of 8 parts of paraffin 
wax, 10 parts of carnauba wax, and 6 parts of carbon black) were 
applied thereto. The results were shown in Figs. 5, 6, and 7. 
[0137] First, the results of Examples 1 to 10 having the heat-resistant 
lubricous protective layer made of the graft copolymer (see Fig. 5) were 
compared with those of Comparative Examples 1 to 3 (see Fig. 7). In 
Examples 1 to 7, and 10, and Comparative Examples 1 and 2, the 
change in contact angle with respect to water before and after the test 
was less than 5°, which resulted in no rejection of the heat sensitive 
ink and of the permanent marker ink, and in good offset prevention 
property of each medium. 

[0138] In contrast, in Examples 8 and 9, the change in contact angle 
with respect to water before and after the test was 5° or more, and less 
than 15°, which caused rejection of the permanent marker ink. This 
is due to the following reason. Since the reactivity between the 
FM-0721 (polydimethylsiloxane containing the methacrylic group at 
one end) and the behenyl methacrylate was not good in manufacturing 
the graft copolymers 8 and 9 constituting the heat-resistant lubricous 
protective layers of Examples 8 and 9, the heat-resistant lubricous 
protective layers of Examples 8 and 9 contained the large amounts of 
unreacted polydimethylsiloxane and behenyl methacrylate, and these 
unreacted components were transferred to the front surface of the PET 
film. Furthermore, in Comparative Example 3, the change in contact 
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angle with respect to water before and after the test was 15 °or more, 
thus causing rejection of the heat sensitive ink and the permanent 
marker ink. This is because the compatibility between the resin 
solutions 10 and 11 constituting the heat-resistant lubricity imparting 
coating agent used in Comparative Example 3 was not good, thereby 
the heat-resistant lubricous protective layer (resulting in defective 
formation)did not form appropriately, and a part of the protective layer 
was transferred to the front surface of the PET film. 
[0139] Then, the results of Examples 11 to 20 having the 
heat-resistant lubricous protective layer made of the block copolymer 
(see Fig. 6) were compared with those of Comparative Examples 4 to 6 
(see Fig. 7). In Examples 11 to 14, 16, 17, and 20, and Comparative 
Example 4, the change in contact angle with respect to water was little 
before and after the test, which resulted in no rejection of the heat 
sensitive ink and of the permanent marker ink, thereby very good 
offset prevention property of each medium was provided. In 
Examples 15, 18, and 19, and Comparative Example 5, the change in 
contact angle with respect to water before and after the test was less 
than five (5)°, which resulted in no rejection of the heat sensitive ink 
and of the permanent marker ink, thereby good offset prevention 
property of each medium was provided. 

[0140] In contrast, in Comparative Example 6, the change in contact 
angle with respect to water before and after the test was 15 °or more, 
which was large, causing rejection of the permanent marker ink, and 
of the heat sensitive ink. Like in Comparative Example 3, this is 
because the compatibility between the resin solutions 21 and 22 
constituting the heat-resistant lubricity imparting coating agent was 
not good, thereby the heat-resistant lubricous protective layer 
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(resulting in defective formation)was not formed appropriately, and 
thus the part of the protective layer was transferred to the front 
surface of the PET film. 

[0141] In general, when manufacturing the polydimethylsiloxane 
5 graft copolymer, the copolymerization reaction does not intend to 
proceed sufficiently, which causes many unreacted monomer residues. 
Thus, the thermal transfer recording medium having the 
heat-resistant lubricous protective layer containing the 
polydimethylsiloxane graft copolymer is intended to cause offset 
10 readily. 

In contrast, in Examples 1 to 10 having the heat-resistant 
lubricous protective layer made of the polydimethylsiloxane graft 
copolymer, as shown in Fig. 5, the occurrence of offset was able to be 
reduced to some degree. This is because, when manufacturing the 

15 graft copolymers 1 to 9, copolymerization of the vinyl monomer with 
the polidimethylsiloxane compound containing the polymerizable vinyl 
group (e.g., methacrylic group) at one end thereof rendered the 
polymerization reactivity better, whereby the unreacted components 
(polydimethylsiloxane compounds, vinyl monomers, and the like) were 

20 able to be reduced. 

[0142] As to Examples 1 to 10 each of which includes the 
heat-resistant lubricous protective layer made of the graft copolymer, 
and Examples 11 to 20 each of which includes the protective layer 
made of the block copolymer, the respective thermal transfer recording 

25 media containing the long chain alkyl group having a carbon number of 
12 or more in the copolymers constituting the protective layer are 
compared with one another (compare Figs.l and 2 with Figs. 3 and 4). 
That is, when comparing Examples 1 to 5 with Examples 11 to 15, 



57 



Examples 6 and 7 with Examples 16 and 17, Examples 8 and 9 with 
Examples 18 and 19, and Example 10 with Example 20, respectively, 
any one of the thermal transfer recording media having the 
heat-resistant lubricous protective layers made of the block copolymers 
5 was able to reduce the occurrence of offset efficiently as compared with 
the recording medium having the protective layer made of the graft 
copolymer. 

[0143] This is considered to be because in manufacturing the block 
copolymers 1 to 9 in Examples 1 to 10, the use of azo- group -containing 

10 polydimethylsiloxane amide containing the silicon component as the 
polymerization initiator did not leave the unreacted silicon 
components. In contrast, in Examples 11 to 20, when manufacturing 
the graft copolymers 1 to 9, the unreacted components 
(polydimethylsiloxane compounds, vinyl monomers, and the like) were 

15 able to be reduced as mentioned above, but the polydimethylsiloxane 
compound and the vinyl monomer were left as unreacted components. 
[0144] (Blocking) 

Then, Examples 1 to 20 and Comparative Examples 1 to 6 were 
evaluated for blocking prevention property. More specifically, five 

20 pieces of thermal transfer recording media according to each of 
Examples and Comparative Examples were prepared. These five 
pieces were superimposed on one another such that the ink layer of one 
piece was in contact with the heat-resistant lubricous protective layer 
of the other. These pieces were sandwiched between two glass plates, 

25 and heated at 50°C at 85% humidity for 48 hours with a load of 2 
kg/cm 2 being applied thereto. Thereafter, the degree of blocking in 
each medium was evaluated visually. The results were shown in 
Figs. 5 and 6. 
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[0145] First, in Comparative Examples 2 and 5, blocking occurred, 
resulting in defective printing. This is considered to be because the 
heat-resistant lubricous protective layers of Comparative Examples 2 
and 5 did not contain the silicon component (polydimethylsiloxane), 
and thus were not able to provide enough lubricity. 

[0146] Then, Examples 1 to 5 are compared with one another which 
have the heat-resistant lubricous protective layer containing the graft 
copolymer with the long chain alkyl group having the carbon number of 
18 (for example, stearyl methacrylate). These examples have the 
relationship that they differ from one another only in the weight ratio 
of the vinyl monomer containing the long chain alkyl group having the 
carbon number of 18 (more specifically, stearyl methacrylate) to the 
entire monomers used in the copolymerization reaction in 
manufacturing the graft copolymer. That is, these examples differ 
from one another only in the content of the long chain alkyl group 
having the carbon number of 18 included in the graft copolymer. 
[0147] In Examples 1 to 3, blocking did not occur. Examples 1 to 3 
have the respective weight ratios of the stearyl methacrylate to the 
entire monomers used in the copolymerization reaction set to 30% by 
weight, 10% by weight, and 15% by weight, respectively (see Fig. l). 
In Example 4 with the weight ratio of the stearyl methacrylate of 55% 
by weight, blocking slightly occurred in a spot-like manner, not 
affecting printing. 

In contrast, in Example 5 with the weight ratio of the stearyl 
methacrylate of 60% by weight, much blocking occurred in a spot-like 
manner. The result shows that in manufacturing the graft copolymer, 
setting the weight ratio of the stearyl methacrylate to the entire 
monomers used in the copolymerization reaction to 55% by weight or 
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less was able to reduce the occurrence of blocking efficiently. This is 
considered to be because, if the weight ratio of the vinyl monomer 
containing the long chain alkyl group having a carbon number of 12 or 
more is set to 55% by weight or less, the vinyl monomers can be 
prevented from remaining as unreacted components. 
[0148] Then, the results of Examples 1, 6, and 8 were compared with 
one another. These examples each have the heat-resistant lubricous 
protective layer containing the graft copolymer containing the long 
chain alkyl group having a carbon number of 12 or more. These 
examples have the relationship that they differ from one another only 
in the carbon number of the vinyl monomer which contains the long 
chain alkyl group having a carbon number of 12 or more, and which has 
been used for the copolymerization reaction for manufacturing the 
graft copolymer. (Note that the weight ratio of each long-chain alkyl 
group containing vinyl monomer, is 30% by weight in each of these 
examples.) That is, these examples differ from one another only in 
the carbon number of the long chain alkyl group contained in the graft 
copolymer. By comparing these examples, as shown in Fig. 5, only in 
Example 6, which did not affect printing, blocking slightly occurred in 
a spot-like manner. This is because the carbon number of the long 
chain alkyl group contained in the graft copolymer 2 in Example 6 is a 
minimum value of 12, as shown in Fig. 1. That is, this is because the 
heat-resistant lubricous protective layer of Example 6 had a low 
glass-transition temperature, and slightly degraded heat resistance, as 
compared to Examples 1 and 8, whereby the component of the 
protective layer was transferred to the ink layer, slightly causing 
blocking in a spot-like manner. 

[0149] This phenomenon appeared also in Examples 11 to 19 
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containing the block copolymer (see Fig. 6). More specifically, the 
results of Examples 11 to 15 shows that setting the weight ratio of the 
stearyl methacrylate to the monomers used in the copolymerization 
reaction to 55% by weight or less in manufacturing the block copolymer 
can reduce the occurrence of blocking efficiently. This is considered to 
be because, if the weight ratio of the vinyl monomer containing the 
long chain alkyl group having a carbon number of 12 or more is set to 
55% by weight or less, the vinyl monomers can be prevented from 
remaining as unreacted components. Furthermore, the results of 
Examples 11, 16 and 18 show that Example 16 containing the long 
chain alkyl group having a carbon number of 12 had the low 
glass-transition temperature of the heat-resistant lubricous protective 
layer, and the slightly degraded heat resistance, as compared to 
Examples 11 and 18 containing the long chain alkyl group having the 
carbon numbers of 18 and 22, which slightly caused the occurrence of 
blocking in a spot-like manner. 

[0150] Although in the above description, the invention has been 
explained referring to Examples 1 to 20, it is understood that the 
invention is not limited to the examples described above. It will be 
apparent to those skilled in the art that various modifications might be 
made to the disclosed examples without departing from the intended 
spirit and scope of the invention. 

For example, in each of Examples 1 to 20, only one kind of vinyl 
monomer containing the long chain alkyl group having a carbon 
number of 12 or more was added and polymerized in manufacturing the 
graft copolymers 1 to 9 and the block copolymers 1 to 9. That is, each 
of the graft copolymers 1 to 9, and the block copolymers 1 to 9 
contained only one kind of long chain alkyl group having a carbon 
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number of 12 or more. 

[0151] However, not only one, but also two or more kinds of long chain 
alkyl groups having a carbon number of 12 or more may be contained in 
the polydimethylsiloxane copolymer. For example, when 

5 manufacturing the polydimethylsiloxane graft copolymer, the stearyl 
methacrylate and lauryl methacrylate may be added and 
copolymerized. 

Note that also in this case, in order to render the heat 
resistance and lubricity better, and to reduce the occurrence of head 

10 chippings, the weight ratio of the long chain alkyl group having a 
carbon number of 12 or more to the polydimethylsiloxane copolymer 
may preferably be not less than 10% by weight nor more than 42% by 
weight. That is, in manufacturing the polydimethylsiloxane 
copolymer, the weight ratio of the vinyl monomer containing the long 

15 chain alkyl group having a carbon number of 12 or more (for example, 
stearyl methacrylate and lauryl methacrylate) to the entire monomers 
used in the copolymerization reaction may be not less than 15% by 
weight nor more than 55% by weight. 
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